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Thesis Summary 
 
Silicon (Si) photonics is considered a promising candidate as a key technology with which 
to develop optical interconnects due to the mature state of nanofabrication, together with 
the unique characteristics of Si, namely a high refractive index and a low absorption loss at 
telecom wavelengths, thus offering the advantage of confining light in a tiny device on a 
chip.  Today, researchers are working towards accomplishing complementary 
metal-oxide-semiconductor (CMOS) compatible fabrication, which will allow Si photonic 
devices to be commercialized. 
On the other hand, Si photonic crystal (PhC) has been attracting a lot of attention since 
it enables us to devise high-Q nanocavities with a small mode volume.  This feature has 
facilitated various functional operations at a very low power.  Hence, the integration of a Si 
PhC with Si photonics will allow us to expand the functionality of Si photonic systems.  
Although it is often claimed that existing Si PhC devices are compatible with CMOS and Si 
photonics, several challenges need to be met before integration is achieved. 
This thesis discusses the fabrication of CMOS compatible high-Q Si PhC nanocavities 
and studies the functionality of these devices.  CMOS compatible fabrication allows the 
devices to be easily integrated with heaters and p-i-n diode structures, and this enables us 
to demonstrate integrated optical modulator and receiver operation at a very low power. 
Chapter 1 describes the background and motivation of this study.  It reviews current Si 
photonics and Si PhC technologies. 
Chapter 2 presents the theory.  It describes the principle of the photonic bandgap and 
the formation of a nanocavity in a PhC. The design strategy for achieving a high-Q PhC 
nanocavity is described. 
Chapter 3 presents the fabrication process of the PhC device with the integration of a 
p-i-n diode structure.  A very high Q of 2.2×105 is achieved with a p-i-n integrated Si PhC 
nanocavity that is fabricated photolithographically and has a SiO2 clad structure. 
Chapter 4 reports the demonstration of a PhC nanocavity device as an electro-optic 
modulator by injecting a carrier into a p-i-n diode.  Refractive index modulation is 
demonstrated via the carrier plasma dispersion effect with a modulation voltage of 1.0 V at 
a speed of 0.35 GHz. 
Chapter 5 reports the demonstration of a PhC nanocavity device as a photoreceiver 
with the help of two-photon absorption.  A small dark current of 38 pA with a minimum 
detectable power of 10 µW is obtained.  
Chapter 6 describes a transmittance experiment using a Si PhC nanocavity modulator 
and receiver.  This demonstration shows that an all-silicon transmission link is achievable.  
 Chapter 7 summarizes the content of each chapter and concludes the thesis. 
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